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Abstract  
  
  
Accurate information and mapping system on sugar cane industry is very important in 
developing effective and efficient database management for decision making. This study had, 
as objective, the development of a Vehicle Tracking System (VTS) to be used for hauling 
sugar cane in Kenana Scheme. The Vehicle Tracking System hardware included vehicle 
terminal (GPS plus GSM/GPRS modules) and monitoring center (GSM/GPRS modem). For 
vehicle terminal, GPS antenna was used to determine exact location, speed and direction 
while (GSM/GPRS) operator (Sim Card) was used to allow this position information to be 
sent to the monitoring center. The monitoring center comprised communication server 
GSM/GPRS modem and database server plus client with GIS map integrated in control 
software. 
Vehicle tracking system used digital maps obtained from high resolution aerial images, 
which enabled accessing multiple variables needed for analysis. Consequently, many layers 
had been successfully digitized and generated from the images such as roads network and 
fields for all areas in Kenana Scheme. 
This system is considered one of the powerful solutions for the truck-fleet management 
which can efficiently reduce mileage, offer more efficient working hours, reduce theft, 
decrease cost, and enhance businesses. It can also reduce staff number and improve its 
performance and safety. 
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  ﺍﻟﺒﺤﺙ ﻤﺴﺘﺨﻠﺹ
  
ﻤﻬﻤﻪ ﺠﺩﺍ ﻓﻲ ﺘﻁﻭﻴﺭ ﻓﺎﻋﻠﻴﺔ ﻭﻜﻔﺎﺀﺓ ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻻﺩﺍﺭﻴـﺔ ﺍﻟﻤﻁﻠﻭﺒـﻪ      ﻭﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺩﻗﻴﻘﺔ ﻨﻅﻡ ﺍﻟﺘﺨﻁﻴﻁ
ﺘﻬﺩﻑ ﺍﻟﻲ ﺘﻁﻭﻴﺭ ﺍﻟﺩﺭﺍﺴﺔ ﻓﻲ ﻤﺼﻨﻊ ﺴﻜﺭ ﻜﻨﺎﻨﻪ ﻭﺃﺠﺭﻴﺕ ﻫﺫﻩ  .ﻻﺘﺨﺎﺫ ﺍﻟﻘﺭﺍﺭﺍﺕ ﻓﻲ ﺼﻨﺎﻋﺔ ﺍﻟﺴﻜﺭ
ﻨﻅﺎﻡ ﻤﺭﺍﻗﺒﺔ ﺍﻻﻟﻴﺎﺕ ﻴﺘﻜﻭﻥ ﻤﻥ ﻭﺤـﺩﺘﻴﻥ . ﻓﻲ ﺘﺭﺤﻴل ﻗﺼﺏ ﺍﻟﺴﻜﺭ ﺍﻟﻤﺴﺘﺨﺩﻤﺔﻨﻅﺎﻡ ﻤﺭﺍﻗﺒﺔ ﺍﻻﻟﻴﺎﺕ 
ﺘﺘﻜﻭﻥ ﻤﻥ ﺃﺭﻴﺎل ﻴﻌﻤـل ﺒﻨﻅـﺎﻡ ﺘﺤﺩﻴـﺩ ﺍﻟﻤﻭﺍﻗـﻊ ﻭ( SRPG/MSG+SPG)ﻭﺤﺩﺓ ﻤﻠﺤﻘﻪ ﺒﺎﻻﻟﻴﻪ 
ﺇﺭﺴﺎل ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟـﻲ ﻋﻠﻲ ﻌﻤل ﻴ( SRPG/MSG) ﺒﻴﻨﻤﺎﻟﺘﺤﺩﻴﺩ ﺍﻟﺴﺭﻋﻪ ﻭﺍﻻﺘﺠﺎﻩ   ،)SPG(ﺒﺩﻗﻪ
ﺍﻟﻭﺤﺩﻩ ﺍﻟﺜﺎﻨﻴﺔ ﻫﻲ ﻭﺤﺩﺓ ﻤﺭﻜـﺯ ﺍﻟﻤﺭﺍﻗﺒـﺔ  .ﺸﺭﻴﺤﺔ ﺍﻟﻬﺎﺘﻑ ﺍﻟﻨﻘﺎلﻜﺭﺴﺎﺌل ﺒﻭﺍﺴﻁﺔ  ﻤﺭﻜﺯ ﺍﻟﻤﺭﺍﻗﺒﻪ
ﻤﻭﺼـل ﻤـﻊ ﻭﻴﻜﻭﻥ ﺴﺘﻘﺒﺎل ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﻹﺭﺴﺎل ﻭﺍ ﻴﻀﺎﺃ ﺠﻬﺎﺯﺍﺭﺴﺎل ﺒﺩﺍﺨﻠﻪ ﺸﺭﻴﺤﻪ  ﻭﺘﺘﻜﻭﻥ ﻤﻥ
                                            .ﻨﻅﺎﻡ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺍﻟﺠﻐﺭﺍﻓﻴﻪ ﻤﺼﺤﺤﺔ( SIG)ﺠﻬﺎﺯ ﺤﺎﺴﻭﺏ ﻤﺯﻭﺩ ﺒﺨﺭﻴﻁﺔ 
  
 ﻋﺎﻟﻴـﻪ، ﺩﻗﺔ  ﺫﺍﺕﺠﻭﻴﺔ ﺼﻭﺭ ﺨﺭﺍﺌﻁ ﺭﻗﻤﻴﺔ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻤﻥ  ﻨﻅﺎﻡ ﻤﺭﺍﻗﺒﺔ  ﺍﻟﻤﺭﻜﺒﺎﺕ ﻴﺴﺘﺨﺩﻡ
ﻫﺫﻩ ﺍﻟﺼـﻭﺭ ﺘﻡ ﺍﻨﺸﺎﺀ ﻁﺒﻘﺎﺕ ﻜﺜﻴﺭﺓ ﻤﻥ . ﻭﺍﻟﺘﻲ ﺘﺘﻴﺢ ﺍﻟﻭﺼﻭل ﺇﻟﻲ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﻤﺘﻌﺩﺩﺓ ﺍﻟﻼﺯﻤﺔ ﻟﻠﺘﺤﻠﻴل
  .ﺍﻟﺘﻲ ﺘـﻡ ﺍﻨﺸـﺎﺀﻫﺎ ﻓـﻲ ﻤﺸـﺭﻭﻉ ﻜﻨﺎﻨـﻪ  ﺍﻟﻤﺭﺍﻓﻕ  ﺎ ﻤﻥﺸﺒﻜﺔ ﺍﻟﻁﺭﻕ ﻭﺍﻟﻤﻴﺎﺩﻴﻥ ﻭﻏﻴﺭﻫ ﻁﺒﻘﺔ  ﻤﺜل
ﺓ ﺴـﺎﻋﺎﺕ ﻜﻔﺎﺀ ﺫﻱ ﻴﺯﻴﺩ ﻤﻥ ﺍﻟﻭ ﻤﺭﻜﺒﺎﺕﺍﻟ ﺎﻁﻴلﺇﺩﺍﺭﺓ ﺃﺴ ﻟﻤﺸﺎﻜل  ﻘﻭﻴﺔﺍﻟ  ﺤﻠﻭلﺍﻟ ﺍﺤﺩ ﻨﻅﺎﻡﻴﻌﺘﺒﺭ ﻫﺫﺍ ﺍﻟ
 ﻌﺎﻤﻠﻴﻥ ﺍﻟ ﺴﻼﻤﺔﻭ ﺍﺩﺍﺀﺤﺴﻥ ﻜﻤﺎ ﻴ .ﻭﺘﻌﺯﻴﺯ ﺍﻷﻋﻤﺎل ﺍﻟﺘﺠﺎﺭﻴﺔ ﻭ ﺘﺨﻔﻴﺽ ﺍﻟﺘﻜﻠﻔﺔ ﺍﻟﻌﻤل ﻭﺍﻟﺤﺩ ﻤﻥ ﺍﻟﺴﺭﻗﺔ
  .ﻫﻡﻋﺩﺩ لﻘﻠﻴﻭ
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CHAPTER I 
 
INTRODUCTION 
1.1   Background 
                   
Vehicle tracking system (VTS) is the technology used to determine the location of a 
vehicle using different methods like global positioning system (GPS) and other radio 
navigation systems operating through satellites and ground based stations. By 
following triangulation or trilateration methods. The tracking system enables to 
determine easy and accurate location of the vehicle. Vehicle information like 
location details, speed, distance traveled etc. can be viewed on a digital mapping 
with the help of a software via Internet. The geographic information system (GIS) 
and global positioning system (GPS) technology linked with means of wireless 
communication are essential to the system determining the vehicle location. It is 
required to have a technique to handle the huge amount of spatial data. The digital 
road map can be easily produced in order to trace the accurate position within a 
reasonable time. The data can be stored and downloaded to a computer from the GPS 
unit at a base station that can later be used for analysis.  
 
The VTS is an important tool for tracking each vehicle at a given period of time and 
now it is becoming increasingly popular. The system consists of modern hardware 
and software components enabling one to track his vehicle online or offline. Any 
vehicle tracking system consists of mainly three parts: 
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1. Mobile vehicle unit. 
2. Fixed based station.   
3. Database and software system. 
There are three major types of system are (i) cellular (ii) wireless passive (iii) 
satellite real time (Active). (Pankaj, 2008) 
 
These technologies involve the following: 
1. The global positioning system (GPS):  Allow GPS receiver to determine its 
exact position in longitude and Latitude, velocity, direction, etc. 
2. The Global System of Mobile (GSM): Allow this position information to be 
sent to central control room as Short message service (SMS) or GSM data 
call. 
3. The General Packet Radio Service (GPRS): Allow transfer of multimedia 
content like photograph to central control room or other mobile unit. 
4. The geographic information system (GIS):   Map for the study area with 
technical information which allow converting the position information into 
possible address, street or place by the maps with technical 
information.(GPS Integrated Technology, 2008) 
 
 The GPS  fleet management system is a real time, may be internet based, vehicle 
tracking system developed for service and distribution companies looking for an 
easy-to-use, cost-effective fleet tracking solution to manage and dispatch their 
company vehicles. The fleet track system enables businesses to quickly and easily 
monitor and manage multiple aspects of their fleet for many internet accessible 
computers. Fleet management fast managers get fast, easy access to key information 
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such as maps, vehicle location report, and real-time alerts. The GPS fleet 
management system is easy to install and maintain with no software to purchase. 
(Samer et al, 2006). 
 
Sugar industry in Sudan has received great attention and progress as shown by 
presence of many governmental sugar factories. These factories include, Gunied 
(located 120km south east of Khartoum in area of 16800 hectares), New Halfa 
(located 400km north east of Khartoum covering area 16800 hectares), Sennar 
(located 300km south of Khartoum covering area 15120 hectares) and Assalaya 
(located 280km south of Khartoum covering area 18900 hectares). These factories 
are located in different areas in Sudan and run by the Sudanese Sugar Company 
(SSC). The total area utilized by the Sudanese Sugar Company is 67620 hectares and 
average yield of sugar cane per hectare is about 87.61 MT. Another large sugar 
factory owned by Kenana Sugar Company was located 250km south of Khartoum.  
The factory is a joint venture of Arab, Sudanese and foreign, capital and utilize an 
area of 42000 hectares, with average cane yield per hectare of about 114MT/hectare. 
In addition, two non working factories Mangala, and Maloot, which are affected by 
the war in south country. Finally, two additional factories namely White Nile Factory 
and Blue Nile Factory are currently launched.                  
                                                                                                                                                                 
Many challenges are attached to Sugar industry such as vast harvested areas where 
huge tonnages of sugar cane needed to be hauled to a far distanced mill for crushing, 
which require an optimum route to increase accrue direction less and time delayer. 
These vast areas considered as a causes of the tracking absence, in addition to over-
weight loads which is done by the drivers that causes fast depreciation in vehicle. 
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The time delay of cane transport will reduce cane quality and causes more loss on it. 
Traditionally, travel times have been measured with an observer noting times 
(timekeeper) at various points along a predefined road to determine the delay time, 
was found to be impractical.  
 
1.2  Objectives: 
The main objective of this research is to investigate the VTS system for managing 
and monitoring sugar cane hauling trucks at Kenana Sugar Company. The work 
involved:       
1. Conducting extensive review of various VTS available. 
2. Developing necessary Kenana GIS roads network and areas database to be 
linked to VTS.  
3. Monitoring of vehicles and valuable cargo included vehicle's number, 
vehicle's plate number, driver's name, driver's cell phone number, alarm, GPS 
location and date, SIM number of device and descriptions of vehicle status 
(description, stop/move, and speed). 
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CHAPTER II 
LITERATURE REVIEW 
2.1 Vehicle Tracking System 
A vehicle tracking system is an electronic device installed on a vehicle to enable the 
owner or a third party to track the vehicle's location. Most modern vehicle tracking 
systems use Global Positioning System (GPS) modules for accurate location of the 
vehicle. Many systems also combine a communication components such as cellular 
or satellite transmitters to communicate the vehicle’s location to a remote user. 
Vehicle information can be viewed on electronic maps via the Internet or specialized 
software. 
 
Current vehicle tracking systems have their roots in the shipping industry. 
Corporations with large fleets of vehicles required some sort of system to determine 
where each vehicle was at any given time. Vehicle tracking systems can now also be 
found in consumers vehicles as a theft prevention and retrieval device. Police can 
follow the signal emitted by the tracking system to locate a stolen vehicle, called 
stolen vehicle tracking (SVT). 
 
Many vehicle tracking systems now use, or are a form of automatic vehicle location 
(AVL), to allow for easy location of the vehicle. The GPS satellite system was built 
6 
 
and maintained by government and available at no cost to civilians, which makes this 
technology very inexpensive (Mick, 2008) 
Other AVL systems do not require the antenna to be in direct line of sight with the 
sky. Terrestrial based systems such as Loran and LoJack tracking units use Radio 
Frequency (RF) transmitters which will transmit through walls, garages, or buildings. 
Many police cruisers around the world have a form of AVL tracking as standard 
equipment in their vehicles. Systems like such as GPS Services are using 
GSM/GPRS network for data transfer to the center.  
Many vehicle tracking systems charge the user a monthly subscription for a bundle 
that includes mapping software, hardware, installation, and tracking service. Other 
companies offer units that are paid for upon installation and will continue to work for 
the life of the vehicle. The decision to adopt an active technology based on Radio 
Frequency (RF) (e.g. Loran), satellite or public carrier (e.g. Cdma) is driven by the 
quantity of information, the frequency of updates, and the physical environment of 
the device. For example a fleet manager may want 5 minute updates, telling whether 
a vehicle is on or off, or may want 30 second updates tracking engine vitals, brake 
status, container status, vehicle speed and direction and so on (Wikipedia, 2008) 
2.1.2 Types of VTS: 
Vehicle Tracking Systems are classified as follows: 
(1) Cellular 
(2) Wireless passive 
(3) Satellite real time (active) 
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The cost of setting up a cellular vehicle tracking system can be cheaper than the other 
two varieties. This type of system uses cellular transmissions to give the whereabouts 
of fleet vehicles. The information however is not in real time and can be delayed by 
up to twenty minutes depending upon the price of the system. The system is not a 
one /off payment; cellular vehicle tracking resembles a service rather than a product. 
The monthly cost means that you have access to the tracking company’s software, 
usually accessible over the internet to track vehicles. If you want to avoid the 
monthly charges of the cellular systems it is worth opting for the wireless passive 
form of tracking. This is an expensive initial payment but no more payments will be 
required thereafter. The system comprises hardware that must be installed in all 
vehicles and a wireless reader at the entrance to the fleet yard. The installation of 
these components can be expensive but is ultimately worthwhile; the boxes in all of 
the vehicles record the same information as the other systems but this data is not 
relayed until the vehicles return to the depot at the end of each working day. This is 
perfect for those who do not need up to date information but for those who require a 
real time solution. 
 
Satellite vehicle tracking systems work much like the GPS devices many people have 
in their cars today. They can provide the fleet manager swith all of the information in 
real time so at any point during the day they know exactly where their drivers are and 
what they are doing. This system that has the best effects on efficiency as managers 
have the option of settling issues instantly. 
These three systems are only the tip of the iceberg in vehicle tracking industry. There 
is so much technological developments at the moment that any information is rapidly 
outdated as more advanced systems hit the market (Pankaj, 2008). 
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2.1.3 Applications of VTS 
 
According to (Mick, 2008), some applications of VTS are as follows: 
I.   Municipalities use Vehicle Tracking System for efficiently managing the 
utility services like Garbage Disposal or Water Supply. Fitting the Vehicle 
Tracking System helps the municipalities in increasing the number of trips 
by spotting the idle time of Garbage Collector or Water Tanker. It also helps 
the municipalities in improving the fuel consumption of the vehicles since 
Diesel issued can be linked to the distance traveled. 
II. Tourism Department can monitor the vehicle performance and vehicle 
position by fitting the VTS on the vehicles of the Tourism Department. Two 
ways communication provided along the system help the Driver as well as 
Controller in emergency management.  
III. State transport organization VTS is invaluable to transport organizations in 
the following:- 
(i) Online tracking to know the position of the vehicle. 
(ii) Vehicle monitoring to know the unscheduled stops and speed violations. 
(iii) Improve the mileage of vehicle. 
(iv) Route allocation and planning. 
(v) Emergency handling. 
(vi) Reduce the time delay. 
IV. Commercial fleet operators like tour operators or truck operators can use the 
system for online tracking, vehicle monitoring and planning. Vehicle tracking 
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system becomes indispensable to those who are carrying valuable items in 
remote places. 
V. Banks or High Security Vehicles with the Aautomated Teller Machine 
(ATMs) gaining popularity, more and more vehicles are being used for 
transporting cash. These vehicles when fitted with Vehicle Tracking System, 
makes the cash handling more secure. 
VI. Police/ Fire Brigade Police force can use the Vehicle Tracking system to 
effectively coordinate the vehicles in case of emergency. 
 
2.1.4 Vehicle Tracking Devices:  
Interestingly, the ability to utilize a complete vehicle tracking system does not 
require too many hardware components on part of the user. In fact most vehicle 
tracking systems are comprised of only two sets of hardware devices, the transmitter 
and the remote receiver. While different communication protocols (GPRS, Radio 
Frequency, GPS) may require a different set of hardware components, these 
components mainly differ in configurations only and the same equipments along with 
their functions are still left intact. (Wikipedia, 2008) 
 
2.1.4.1 Transmitter: 
The transmitter is an electronic device that is responsible for propagating a signal to 
be intercepted by the receiver. Depending upon the configuration of the transmitter, 
it can emit signals in the form of radio waves for radio frequency-type vehicle 
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tracking systems, it can emit microwaves for satellite-based vehicle tracking systems 
such as GS, or it can also emit electromagnetic waves for cellular-based GPS. 
The parts of the transmitter consists of   
(i) Power supply: The power supply (or power supply unit) is a device or 
system used to supply electrical energy to the transmitter. 
(ii) Oscillator: The term "oscillator" refers to the electronic circuit within the 
transmitter that produces a repetitive signal. 
(iii) Modulator: The modulator is a device that changes the static waveform 
within the transmitter. By performing this process, it is possible to form 
messages out of the variety of signals produced. 
(iv) Amplifier: The amplifier does as its name suggests; it amplifies the 
signal of the transmitter large enough for the receiver to intercept. 
2.1.4.2 Receiver:  
The receiver is the remote component that is tasked to intercept signals from the 
transmitter to be able to determine its exact location and among other important 
details. The type of receiver used depends on the type of transmitter; radio receivers 
for radio frequency-type transmitters, etc. 
 
2.1.5 The Benefits of the VTS: 
This technology is best used by fleet operators for better management. Everything 
routing, dispatch, onboard information, security is managed efficiently. Driving 
behavior can also be known by this device. The Technology holds good for 
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consumers’ vehicles. It works as alert system and raise an alarm when vehicle is 
removed from the place without authority. Information regarding its location, status 
and daily reports can be taken on real time basis from the vehicle itself. 
 According to (Rose India Technology, 2008), some benefits of VTS the following:-  
(i) It helping monitoring employee driving habits and activities. 
(ii) Helping you locating your employee’s on-the-road. 
(iii)  Verifying employee time sheet. 
(iv)  Monitoring all vehicles. 
(v) Helps you in timely delivery of the consignments 
(vi)  Monitoring vehicle speeding. 
(vii)  Tracking the movement of vehicles on the road.     
(viii) Increasing productivity of employee. 
2.2 Automatic Vehicle Location (AVL) 
Automatic vehicle locating or AVL is a concept for determining the geographic 
location of a vehicle and transmitting this information to a point from where it was 
requested. However, the concept does not apply only with wireless communication 
services based on terrestric illumination, as e.g. with GSM. Alternatively automatic 
vehicle locating may be implemented using active radio frequency identification 
(RFID) or Real-time locating systems (RTLS). 
 
Most commonly, the location is determined using GPS, and the transmission 
mechanism is a satellite, terrestrial radio or cellular connection from the vehicle to a 
radio receiver, satellite or nearby cell tower. Other options for determining actual 
12 
 
location, for example in environments where GPS illumination is poor, are dead 
reckoning, i.e. inertial navigation, or active radio frequency identification (RFID) 
systems or cooperative (RTLS) systems. With advantage, combinations of these 
systems may be applied. After capture, the tracking data is transmitted using any 
choice of telemetry or wireless communications systems. The GSM and Evolution 
Data Optimized (EVDO) are the most common services applied. Because of the low 
data rate needed for AVL, and the low cost of these networks. The low bandwidth 
requirements also allow for satellite technology to receive telemetry data at a 
moderately higher cost, but across a global coverage area and into very remote 
locations not covered well by terrestrial radio or public carriers. One system 
description discloses that locations are polled every thirty seconds. Figure 2.1, shows 
how GPS based AVL system works.  (Robin, 2008) 
 
Figure 2.1: GPS based AVL system  
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2.2.1 Types of AVL:  
A typical AVL system would use terrestrial wireless communications already 
installed and then communicates simultaneously the locations of a vehicle to the 
manager of a fleet of vehicles. The following are some common types of AVL.  
 
I. Simple direction finding: Amateur radio and some cellular or Personal 
Communications Services (PCS) wireless systems use direction finding or 
triangulation of transmitter signals radiated by the mobile. This is sometimes 
called Radio Direction Finding (RDF). The simplest forms of these systems 
calculate the bearing from two fixed sites to the mobile. This creates a triangle 
with endpoints at the two fixed points and the mobile. Trigonometry tells you 
roughly where the mobile transmitter is located. In wireless telephone systems, 
the phones transmit continually when off-hook, making continual tracking and 
the collection of many location samples possible.  
 
II. Former Loran -based locating: Motorola offered a 1970s-era system based on 
the United States Coast Guard Loran maritime navigation system. The Loran 
system was intended for ships but signal levels on the US east- and west-coast 
areas were adequate for use with receivers in automobiles. The system may 
have been marketed under the Motorola model name Metric. It consisted of a 
Low Frequency (LF) Loran receiver and data interface box/modem connected 
to a separate two-way radio. The receiver and interface calculate a latitude and 
longitude in degrees, decimal degrees format based on the Loran   signals. This 
was sent over the radio as Motorola two-way radio low-speed (MDC- 1200 or 
MDC- 4800) data to a system controller, which plotted the mobile's 
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approximate location on a map. The system worked reliably but sometimes 
had problems with electrical noise in urban areas. Sparking electric trolleys or 
industrial plants which radiated electrical noise sometime overwhelmed the 
Loran signals, affecting the system's ability to determine the mobile's geo-
location. Because of the limited resolution, this type of system was impractical 
for small communities or operational areas such as a pit mine or port. 
 
III. Signpost systems: To track and locate vehicles along fixed routes, a 
technology called Signpost transmitters is employed. It used on transit routes 
and rail lines where the vehicles to be tracked continually operated on the same 
linear route. A transponder or RFID chip along the vehicle route would be 
polled as the train or bus traverses its route. As each transponder was passed, 
the moving vehicle would query and receive an acknowledge (ack) or 
handshake, from the signpost transmitter. A transmitter on the mobile would 
report passing the signpost to a system controller. This allows supervision, a 
call center, or a dispatch center to monitor the progress of the vehicle and 
assess whether or not the vehicle was on schedule. These systems are an 
alternative inside tunnels or other conveyances where GPS signals are blocked 
by terrain. 
 
IV. Today's GPS-based locating: The low price and cheek of  GPS equipment has 
lent itself more accurate and reliable telelocation systems. The GPS signals are 
impervious to most electrical noise sources and don't require the user to install 
an entire system. Only a receiver to collect signals from the satellite segment is 
installed in each vehicle and a radio to communicate the collected location data 
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with a dispatch point. Large private telelocation or AVL systems send data from 
GPS receivers in vehicles to a dispatch center over their private, user-owned 
radio backbone. These systems are used for businesses like parcel delivery and 
ambulances. Smaller systems which don't justify building a separate radio 
system use cellular or Personal Communications Services (PCS) data services 
to communicate location data from vehicles to their dispatching center. Location 
data is periodically polled from each vehicle in a fleet by a central controller or 
computer. In the simplest systems, data from the GPS receiver is displayed on a 
map allowing determining the location of each vehicle. More complex systems 
feed the data into a computer assisted dispatch system which automates the 
process. 
V. Sensor-augmented AVL: The main purpose of using AVL is not only to locate the 
vehicles, but also to obtain information about engine data, fuel consumption, driver 
data and sensor data from i.e. doors, freezer room on trucks or air pressure. Such data 
can be obtained via the Controller Area Network Bus system( CAN-bus), via direct 
connections to AVL systems or via open bus systems such as UFDEX that both 
sends and receives data via SMS or GPRS in pure  American Standard Code for 
Information Interchange (ASCII) text format. Because most AVL consists of two 
parts, GPS and GSM modem with additional embedded AVL software contained in a 
microcontroller, most AVL systems are fixed for their purposes unless they connect 
to an open bus system for expansion possibilities. (Mick, 2008)                        
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2.2.2 The Applications of AVL: 
Automatic vehicle locating is a powerful concept for managing fleets of vehicles, as 
service vehicles, emergency vehicles, and especially precious construction 
equipment, also public transport vehicles. It is also used to track mobile assets, such 
as non wheeled construction equipment, non motorized trailers, and mobile power 
generators. ` 
Al-Bayari et al, (2005) summarized the AVL applications as follows:   
I. Stolen vehicle recovery: Both consumer and commercial vehicles can be 
outfitted with RF or GPS units to allow police to do tracking and 
recovery. Some units allow the police to activate the tracking unit in the 
vehicle directly and follow tracking signals.  
II. Fleet management: When managing a fleet of vehicles, knowing the real-
time location of all drivers allows management to meet customer needs 
more efficiently. Vehicle location information can also be used to verify 
that legal requirements are being met: for example, that driver are taking 
rest breaks and obeying speed limits. 
III. Passenger Information: Real-time Passenger information systems use 
predictions based on AVL input to show the expected arrival and 
departure times of Public Transport services. 
IV. Asset tracking: Companies need to track valuable assets for insurance or 
other monitoring purposes can now plot the real-time asset location on a 
map and closely monitor movement and operating status. For example, 
haulage and logistics companies often operate Lorries with detachable 
load carrying units. In this case, trailers can be tracked independently of 
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the cabs used to drive them. Combining vehicle location with inventory 
management that can be used to reconcile which item is currently on 
which vehicle can be used to identify physical location down to the level 
of individual packages. 
V. Field worker management: Companies with a field service or sales 
workforce can use information from vehicle tracking systems to plan field 
workers' time, schedule subsequent customer visits and be able to operate 
these departments efficiently.  
VI. Covert surveillance: Vehicle location devices attached covertly by law 
enforcement or espionage organizations can be used to track journeys 
made by individuals who are under surveillance. 
 
2.2.3 The Components of AVL system: 
According to Rose India Technology (2008) the AVL system normally contains 
various instruments as follows:   
1. Mobile radio receiver. 
2. GPS receiver.  
3. GPS modem.  
4. Antenna.  
5. GPS base station. 
6. Wireless communication (two way radio or cellular phone).  
7. GPS tracking software. 
8. Data stream processing servers. 
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2.2.4 The benefits of the AVL system:   
According to Rose India Technology (2008) the following benefits can be listed:   
(i) AVL system first of all increases the safety and security of drivers and 
passengers as well which is the most important concern.  
(ii) Operational efficiency of the fleet.  
(iii) Improved and safe departures and arrivals of the fleet.  
(iv) System improves customer service consequently increases customer 
satisfaction.  
(v) It gives a chance of exact service performance of the agencies and better 
planning for future.  
(vi) The AVL helps to keep a watch on the time schedule of the vehicles and 
punctuate the whole system.  
(vii) One can have information about the whereabouts of the passengers 
boarded on the vehicle.  
(viii) Ultimately a better management and utilization of the fleet at a lower cost 
and reduced labor and fuel.  
(ix) With the knowledge of whereabouts of the vehicles, it could be redirected 
to provide timely delivery. This fact can prove very useful for companies 
as they can develop a delivery road-map by analyzing database of vehicle 
information.  
(x) AVL increases accountability of the on field man, thus increases the 
performance of the company. 
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2.2.5 The Advantages of AVL:   
Robin, (2008) summarized the AVL advantages as follows 
Transit agencies use AVL to enhance optimum utilization of fleet and reduce fuel 
consumption, labor and capital costs. AVL helps to improve adherence to schedule 
and access passenger information. With AVL, more data is available and this makes 
it easier to manage transit systems. The net efficiency and productivity of the 
systems thus increases. Studies indicate that apart from increasing operational 
efficiency, AVL systems also enhance customer service due to the ability to predict 
bus arrival timings in real time. Increased customer service and satisfaction are thus 
the greatest benefit of AVL.  
Supplementary technologies like automatic passenger counters also enable to analyze 
service performance in real time as well as chronologically, enabling system 
planning and emergency repairs. A study conducted in 2003 has shown direct link 
between AVL and increased revenues.  
Here are some of the advantages of AVL:  
(i) Productivity enhanced- more trips, capital savings due to the ability to 
better utilize vehicles, maintenance costs reduced and thus general 
reduction of cost per vehicle.  
(ii) Better adherence to schedule, accuracy in monitoring and coordination.  
(iii) More number of users. 
(iv) Reduced need for supervisors and manual data entry.  
(v) Improved ability to control operations and driver performance.  
(vi) Effective tracking of off-route vehicles. 
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(vii) Communications between drivers, supervisors, operators and other staff 
improves.  
(viii) Lesser number of lost radio messages.  
(ix) Capabilities to inform passengers of bus arrival times improve the quality 
of service and help the travelers to take better decisions.  
(x) Reduces complaints from customers and need for customer information 
personnel.  
(xi) Improves overall image of the transit agency through these steps.  
(xii) The data is more accurate and complete and thus the agency is able to 
schedule and plan better.  
(xiii) Can reduce preparation time for schedule as well as number of staff 
required.  
(xiv) Better bus stop placement.  
(xv) Better security for drivers as well as travelers by enabling faster location 
of vehicles and response to accidents.  
(xvi) Better operational decisions towards way round due to sudden 
developments like bad weather, roadway closings and accidents.  
 
2.2.6 The Costs of AVL:  
The costs of AVL include procurement, installation and the software for the on-board 
device and the control center. There are also labor costs concerning maintenance and 
new staff to operate the systems. 
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 The AVL systems are available at different prices; the price depends on the size, 
number of components and the sophistication of the system.  
The AVL systems are available in a wide range of models. There are models with 
simple, basic features like GPS/DGPS AVL that have computerized dispatching, 
mobile data terminals and silent alarms. On the other end of the spectrum are models 
with highly sophisticated features. These systems work out cheaper for large fleet 
that needs similar features, as the cost of the central monitoring system is distributed 
over a larger number of vehicles. (Rose India Technology.2008) 
 
2.3 GPS Tracking System 
A GPS tracking unit is a device that uses the Global Positioning System (GPS) to 
determine the precise location of a vehicle, person, or other asset to which it is 
attached and to record the position of the asset at regular intervals. The recorded 
location data can be stored within the tracking unit, or it may be transmitted to a 
central location data base, or internet-connected computer, using a cellular (GPRS), 
radio, or satellite modem embedded in the unit. This allows the asset's location to be 
displayed against a map backdrop either in real-time or when analyzing the track 
later, using customized software.  (Land AirSea News, 2006)     
GPS tracking systems are generally of two categories according to their functions. 
One is real time vehicle tracking system (Active) and other is passive vehicle 
tracking system. The former one is little more costly than the later with some 
additional technological features that provide instant data transformation. But both 
are useful in providing accurate location reports. The difference is only the message 
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delivery time but as far as other features are concerned both can provide software 
and mapping solution to make different devices for several applications.  
(i) The real time tracking devices: Real time tracking devices are also known 
as active tracker and it has the ability to track a vehicle or any other object in 
the real time. It allows trackers to locate a particular object or collect the 
positioning data and then sends that data to the end user at the very moment 
with the help of cellular phone network. Real time tracking devices allows the 
user to locate the tracking object moves around a map. The data sent by the 
tracking devices are not only used to determine the location but also can be 
used in analyzing speed, position, and also can alert you in certain predefined 
circumstances. Users can request live information at any point of time and 
even all data can be accessed through internet. As it requires internet 
connection, the user has to pay a monthly fee.  (Rose India technology.2008)  
 
(ii) The passive tracking devices: On like active devices, these tracking 
devices collect data and store them in an internal memory. When the device 
is collected and fitted into a computer the tracking data is downloaded to 
analyze. These are limited only to vehicle tracking and these devices are 
installed in a vehicle, and the location, time, velocity are stored in the unit 
and later transferred to a handheld device after the vehicle returns at the end 
of the journey. The main advantage of this kind of system that it doesn’t 
require any monthly charges and so provides cost effective solution. This is 
best for customers who don’t want immediate data about the vehicle 
location but want to make a proper management in terms of vehicle 
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management. It only requires a one-time investment for a reporting tracking 
software and digital mapping program. Some passive tracking devices have 
a wireless connection to automatically transfer data from the vehicle device 
to the base station computer when it returns. (Rose India technology.2008) 
 2.3.3. Features of the system:  
1. Advanced vehicle telemetry get location speed on GIS maps. 
2.  Get accurate mileage record. 
3.   Accurate fuel reports.  
4.  Get ignition on/off reports.  
5.  Get optional sensor reports, like door open/close.  
6.  Optional Audio input/ output for two way communication through the 
device. (Wikipedia ,2008)  
 
2.3.4. The Applications of GPS tracking: 
These applications included the following: 
1.  Security and fleet management.  
2.  Car Navigation.  
3.  Marine Navigation (still under development).  
4.  Vehicle tracing and location base services (Bonrix Software System, 2007) 
 
 
24 
 
 
2.3.6. The Types of GPS trackers: 
These types can be defined below:  
(i) Data loggers: GPS logger simply logs the position of the device at 
regular intervals in its internal memory. Modern GPS loggers have either 
a memory card slot, or internal flash memory and a USB port to act as a 
USB flash drive. This allows easy downloading of the data for further 
analysis in a computer. These kinds of devices are most suited for use by 
sport enthusiast: They carry it while practicing an outdoors sport, e.g. 
jogging or backpacking. When they return home, they download the data 
to a computer, to calculate the length and duration of the trip, or to over 
impose their paths over a map with the aid of GIS software.  
(ii) Data pushers: This is the kind of devices used by the security industry, 
which pushes (i.e. "sends") the position of the device, at regular intervals, 
to a determined server that can instantly analyze the data. These devices 
started to become popular and cheaper at the same time as mobile phones. 
The falling prices of the SMS services and smaller sizes of phone allowed 
integrating the technologies at a fair price. A GPS receiver and a mobile 
phone sit side-by-side in the same box, powered by the same battery. At 
regular intervals, the phone sends a text message via SMS, containing the 
data from the GPS receiver.  
(iii) Data pullers: Contrary to a data pusher, that sends the position of the 
device at regular intervals (push technology), these devices are always-on 
and can be queried as often as required (pull technology). This technology 
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is not in widespread use, but an example of this kind of device is a 
computer connected to the Internet and running GPS (GPS fleet solutions, 
2008)  
 
2.3.7. GPS Fleet Management System:  
The GPS fleet management software manages all the tasks related to fleet of vehicles 
of a company. It includes all the aspects from possession to disposal of vehicles. 
Depending on the features of the GPS fleet management software, it has functions 
such as identification of drivers and vehicles, vehicle efficiency and remote control 
features such as geo-fencing ect. It also includes classification, finance, tracking and 
maintenance of vehicles, management of fuel, health and safety of vehicles and 
drivers. The in-house fleet management department or an outsourced management 
provider carries out these functions (Jalan, 2008) 
 
2.3.7.1 The component of system: 
Integrating the latest GPS technologies with advanced GIS and GSM/GPRS 
communications, GOPASS has developed one of the most comprehensive fleet 
management solutions that enable to effectively dispatch, track, and control your 
fleet of vehicles and workers. The Fleet Management System provides you real-time 
information on the location and the status of your vehicles and operators. With the 
information, you can increase the efficiency, utilization, security and safety of your 
entire fleet. Figure (2.2) illustrates various components of system (Wikipedia, 2008). 
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Figure 2.2: Components of GPS tracking system 
 
2.3.7.2 The benefits of fleet management: 
The benefits of fleet management included the following: 
(i) Lower fuel bills. 
(ii) Enhanced customer service. 
(iii) Stop unauthorized vehicle use. 
(iv) Increase employee productivity. 
(v) Improve utilization of your fleet. 
(vi) Increase driver and passenger safety. 
(vii) Reduce risk of asset theft or abandonment. (Exaterra. (2008) 
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2.3.7.3 The application of fleet management: 
 
This fleet management has the following applications:  
(i) Logistics. 
(ii) Fleet management. 
(iii) Vehicle positioning. 
(iv) Driver's safety protection. 
(v) Vehicle security protection. 
(vi) External systems connections.  
(vii) Remote monitoring of rainfall. 
(viii) Remote monitoring of temperature. 
(ix) Remote monitoring of traffic condition  
(x) Remote monitoring of water level in rivers  
(xi) Remote monitoring of electronic ammeters  
(xii) Security tracking system  
(xiii) Report status live and real-time.  (Wikipedia, 2008)  
 
2.4 Global Positioning System (GPS) 
The Global Positioning System (GPS) is currently the only fully functional Global 
Navigation Satellite System (GNSS). More than two dozen GPS satellites are in 
medium Earth orbit, transmitting signals allowing GPS receivers to determine the 
receiver's location, speed and direction. Since the first experimental satellite was 
launched in 1978, GPS has become an indispensable aid to navigation around the 
world, and an important tool for map-making and land surveying. GPS also provides 
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a precise time reference used in many applications, including scientific study of 
earthquakes and synchronization of telecommunications networks. 
The GPS is a satellite-based navigation system created and developed by the United 
States Department of Defense; it is officially named Navigation Satellite Timing and 
Ranging Global Positioning System (NAVSTAR GPS), (El-rabbany, 2002). 
 
2.4.1 The System segmentation: 
The current GPS consists of three major segments. These are the space segment (SS), 
a control segment (CS), and a user segment (US).as shown in figure (2.3). 
1. Space segment: The space segment (SS) is composed of the orbiting GPS 
satellites or Space Vehicles (SV). The GPS design calls for 24 SVs to be 
distributed equally among six circular orbital planes. The orbital planes are 
centered on the Earth, not rotating with respect to the distant stars. The six 
planes have approximately 55° inclination (tilt relative to Earth's equator) and 
are separated by 60° right ascension of the ascending node (angle along the 
equator from a reference point to the orbit's intersection). Orbiting at an 
altitude of approximately 20,200 km, orbital radius of 26,600 km each SV 
makes with two complete orbits each sidereal day, so it passes over the same 
location on Earth once each day. The orbits are arranged so that at least six 
satellites are always within line of sight from almost anywhere on Earth. As of 
February 2007, there are 30 actively broadcasting satellites in the GPS towers. 
The additional satellites improve the precision of GPS receiver calculations by 
providing redundant measurements. With the increased number of satellites, 
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the constellation was changed to a non-uniform arrangement. Such an 
arrangement was shown to improve reliability and availability of the system, 
relative to a uniform system, when multiple satellites fail. 
 
2. Control segment: The control segment of the GPS system consists of 
worldwide network of tracking station. These stations monitor the satellites 
and atmospheric condition and behavior of the:   
(i) Tracking station  
(ii) Master control station  
(iii)Tracking satellites 
(iv) System integrity  
(v) Atomic clocks  
(vi) Atmospheric data  
(vii) Satellite almanac  
Tracking station determines and predicts satellite location which predicts 
where the satellite is in space at any given time. From this data the satellite is 
constantly transmitting its position. 
3. User segment: The user's GPS receiver is the user segment (US) of the GPS 
system. In general, GPS receivers are composed of an antenna, tuned to the 
frequencies transmitted by the satellites, receiver-processors, and a highly-
stable clock (often a crystal oscillator). They may also include a display for 
providing location and speed information to the user. A receiver is often  
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Figure 2.3: GPS Segmentation 
described by its number of channels: this signifies how many satellites it can monitor 
simultaneously. Originally limited to four or five, this has progressively increased 
over the years so that, as of 2006, receivers typically have between twelve and 
twenty channels (Wikipedia, 2008). 
 
2.4.2 Types of GPS: 
Sources and types of GPS included the following: 
(i) Beacon (ground based). 
(ii) Wide area augmentation system (WAAS) satellite based. 
(iii) Satellite service (omni star). 
(iv) Real Time Kinematic (RTK) ground based. (Mohiner et al, 2007) 
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2.4.3 The applications of GPS: 
2.4.3.1 Navigation 
Automobiles can be equipped with GPS receivers at the factory or as after-market     
equipment. Units often display moving maps and information about location, speed,      
direction, and nearby streets and landmarks. Aircraft navigation systems usually 
display a "moving map" and are often connected to   the autopilot for en-route 
navigation. Cockpit-mounted GPS receivers and glass cockpits are appearing in 
general aviation aircraft’s of all sizes, using technologies such as Wide area 
augmentation system (WAAS) or large area augmentation system (LAAS) to 
increase accuracy. Many of these systems may be certified for instrument flight rules 
navigation, and some can also be used for final approach and landing operations.  . 
2.4.3.2 Surveying and Mapping 
Survey-Grade GPS receivers can be used to position survey markers.  Mapping and 
geographic information systems (GIS) - Most mapping grade GPS receivers use the 
carrier wave data from only the L1 frequency, but have a precise crystal oscillator 
which reduces errors. This allows positioning errors on the order of one meter or 
less in real-time, with a differential GPS signal received using a separate radio 
receiver. By storing the carrier phase measurements and differentially, post-
processing the data, positioning errors on the order of 10 centimeters are possible 
with these receivers.  
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2.4.3.2 Precise Time Reference 
Many systems that must be accurately synchronized use GPS as a source of accurate 
time. GPS can be used as a reference clock for time code generators or Network 
Time Protocol [NTP] clocks.  
 
2.4.3.3 Mobile Satellite Communications  
 Satellite communications systems use a directional antenna pointed at a satellite. 
The antenna on a moving ship or train, for example, must be pointed based on its 
current location. Modern antenna controllers usually incorporate a GPS receiver to 
provide this information.  
Emergency and Location-based services-GPS functionality can be used by 
emergency services to locate cell phones. The ability to locate a mobile phone is 
required in the United States by Enhanced 911 (E911) emergency services 
legislation. However, as of September 2006 such a system is not in place in all parts 
of the country. GPS is less dependent on the telecommunications network topology 
than radio location for compatible phones. Assisted GPS reduces the power 
requirements of the mobile phone and increases the accuracy of the location. A 
phone's geographic location may also be used to provide location-based services 
including advertising, or other location-specific information. (Wikipedia, 2008) 
 
2.4.3.4 Calculating Positions   
The coordinates are calculated according to the World Geodetic System WGS84 
coordinate system. To calculate its position, a receiver needs to know the precise 
time. The satellites are equipped with extremely accurate atomic clocks, and the 
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receiver uses an internal crystal oscillator-based clock that is continually updated 
using the signals from the satellites. 
The receiver identifies each satellite's signal by its distinct Coarse Acquisition (C/A) 
code pattern, and then measures the time delay for each satellite. To do this, the 
receiver produces an identical C/A sequence using the same seed number as the 
satellite. By lining up the two sequences, the receiver can measure the delay and 
calculate the distance to the satellite. (El-rabbany, 2002). 
 
2.4.3.5 Accuracy and Error Sources 
The position calculated by a GPS receiver requires the current time, the position of 
the satellite and the measured delay of the received signal. The position accuracy is 
primarily dependent on the satellite position and signal delay. 
To measure the delay, the receiver compares the bit sequence received from the 
satellite with an internally generated version. By comparing the rising and trailing 
edges of the bit transitions, modern electronics can measure signal offset to within 
about 1% of a bit time, or approximately 10 nanoseconds for the Coarse Acquisition  
(C/A)  code. Since GPS signals propagate nearly at the speed of light, this represents 
an error of about 3 meters. This is the minimum error possible using only the GPS 
C/A signal. (El-rabbany, 2002) 
 
2.4.3.6 Precise Monitoring 
The accuracy of a calculation can also be improved through precise monitoring and 
measuring of the existing GPS signals in additional or alternate ways. 
34 
 
The first is called Dual Frequency monitoring, and refers to systems that can 
compare two or more signals, such as the L1 frequency to the L2 frequency. Since 
these are two different frequencies, they are affected in different, yet predictable 
ways by the atmosphere and objects around the receiver. After monitoring these 
signals, it is possible to calculate how much error is being introduced and then nullify 
that error (Mohiner et al. 2007).  
2.4.4 Method of GPS works: 
Each GPS satellite transmits radio signals that enable the GPS receivers to calculate 
where its (or your vehicles) location on the Earth and convert the calculations into 
geodetic latitude, longitude and velocity. A receiver needs signals from at least three 
GPS satellites to pinpoint your vehicle’s position. GPS receivers commonly used in 
most vehicle tracking systems can only receive data from GPS Satellites. They 
cannot communicate back with GPS or any other satellite. A system based on GPS 
can only calculate its location but cannot send it to central control room. In order to 
do this they normally use GSM-GPRS Cellular networks connectivity using 
additional GSM modem/module. (Elliott et al, 2006) 
 
2.5. Geographic information system (GIS): 
The GIS is a computer-based tool for mapping and analyzing geographic 
phenomenon that exist, and events that occur, on Earth. GIS technology integrates 
common database operations such as query and statistical analysis with the unique 
visualization and geographic analysis benefits offered by maps. These abilities 
distinguish GIS from other information systems and make it valuable to a wide range 
of public and private enterprises for explaining events, predicting outcomes, and 
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planning strategies. Map making and geographic analysis are not new, but a GIS 
performs these tasks faster and with more sophistication than do traditional manual 
methods 
.GIS which consists of specially developed comprehensive and detailed maps of the 
city with Longitude and latitude information of each place, street, junctions and 
Address. These maps are useful to locate the address of a vehicle fitted with GPS 
system.  
GPS-GSM systems only provide the longitude and latitude of the vehicle but GIS 
software if properly developed can provide details of exact or nearby address where 
the vehicle is. In case one does not have detailed GIS maps of the city it would be 
very difficult to track the vehicle in very short time.   
                                                                        
2.5.1. The Components of GIS: 
The GIS consisted of five key components as shown in Figure 2.4: 
 
 
Figure 2.4: Component of GIS 
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 (I) Hardware: It consists of the computer system on which the GIS software 
will run. The choice of hardware system range from 300MHz Personal 
Computers to Super Computers having capability in Tera FLOPS. The 
computer forms the backbone of the GIS hardware, which gets its input 
through the Scanner or a digitizer board. Scanner converts a picture into a 
digital image for further processing. The output of scanner can be stored in 
many formats e.g. TIFF, BMP, JPG etc. A digitizer board is flat board used for 
vectorisation of a given map objects. Printers and plotters are the most 
common output devices for a GIS hardware setup. 
                                                               
(ii) Software: GIS software provides the functions and tools needed to store, 
analysis, and display geographic information. GIS software's in use are 
MapInfo, Arc/Info, AutoCAD Map, etc. The software available can be said to 
be application specific. When the low cost GIS work is to be carried out 
desktop MapInfo is the suitable option. It is easy to use and supports many GIS 
features. If the user intends to carry out extensive analysis on GIS, Arc/Info is 
the preferred option. For the people using AutoCAD and willing to step into 
GIS, AutoCAD Map is a good option. 
                                                   
(iii) Data: Geographic data and related tabular data can be collected in-house 
or purchased from a commercial data provider. The digital map forms the basic 
data input for GIS. Tabular data related to the map objects can also be attached 
to the digital data. A GIS will integrate spatial data with other data resources 
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and can even use a DBMS (Data Base Management System), used by most 
organization to maintain their data,   to manage spatial data. 
 
(iv) People: GIS users range from technical specialists who design and 
maintain the system to those who use it to help them perform their everyday 
work. The people who use GIS can be broadly classified into two classes. The 
CAD/GIS operator, whose work is to victories’ the map objects. The use of 
this victories’ data to perform query, analysis or any other work is the 
responsibility of a GIS engineer/user.  
 
(v) Methods: Above all a successful GIS operates according to a well-
designed plan and business rules, which are the models and operating practices 
unique to each organization. There are various techniques used for map 
creation and further usage for any project. The map creation can either be 
automated raster to vector creator or it can be manually vectorise using the 
scanned images. The source of these digital maps can be either map prepared 
by any survey agency or satellite imagery. (ESRI, 2007)  
 
2.5 2. Data GIS Models: 
     Two types of GIS data are:-  
(i) Raster data: Consists of information in a grid, composed of pixels, where 
each pixel represents a location and has a certain value. Data obtained from 
remote sensing, such as satellite imagery and aerial photography are in this 
format. Discrete point data obtained from field sampling can also be 
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interpolated to create continuous raster coverage’s of the sampled properties 
(Crosier et al., 1999). 
                                                                      
(iii) Vector data: The vector data consists of linear, rather than grid 
information and is composed of points, lines and polygons. 
Geographic features such as buildings, bodies of water and 
boundaries of fields and agricultural management units etc. are in 
vector format. One can attach attributes such a size, type and 
length, among other properties to vector data (Crosier et al., 1999).     
                                    
2.5.3. Applications of GIS Based Tracking: 
These were application:  
(i) Vehicle Tracking System: Vehicle tracking systems are used to 
manage the fleet of vehicles. The vehicles are fitted with GPS receiver and 
radio based transmitter device to transfer the vehicle location data on the 
server for further analysis. On the server GIS maps are used to plot the 
location. 
 Computerized mapping and spatial analysis have been developed 
simultaneously in several related fields. The present status would not have 
been achieved without close interaction between various fields such as 
utility networks, cadastral mapping, topographic mapping, thematic 
cartography, surveying and photogrammetery remote sensing, image 
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processing, computer science, rural and urban planning, earth science, and 
geography.  
The GIS technology is rapidly becoming a standard tool for management of natural 
resources. The effective use of large spatial data volumes is dependent upon the 
existence of an efficient geographic handling and processing system to transform this 
data into usable information. The GIS technology is used to assist decision-makers 
by indicating various alternatives in development and conservation planning and by 
modeling the potential outcomes of a series of scenarios. It should be noted that any 
task begins and ends with the real world. Data are collected about the real world. Of 
necessity, the product is an abstraction; it is not possible (and not desired) to handle 
every last detail. After the data are analyzed, information is compiled for decision-
makers. Based on this information, actions are taken and plans implemented in the 
real world (John et al, 2003) 
 
                                              
2.5.4. The advantages of GIS: 
 
The Geographic Information System has been an effective tool for implementation 
and monitoring of municipal infrastructure. The use of GIS has been in primarily due 
to the advantages mentioned below:                                                                                     
(i) Planning of Project: Advantage of GIS is often found in detailed 
planning of project having a large spatial component, where analysis of 
the problem is a pre requisite at the start of the project. Thematic maps 
generation is possible on one or more than one base maps, example: the 
generation of a land use map on the basis of a soil composition, 
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vegetation and topography. The unique combination of certain features 
facilitates the creation of such thematic maps. With the various modules 
within GIS it is possible to calculate surface, length, width and distance. 
(ii)  Making Decisions: The adage "better information leads to better 
decisions" is as true for GIS as it is for other information systems. A 
GIS, however, is not an automated decision making system but a tool to 
query, analyze, and map data in support of the decision making process. 
GIS technology has been used to assist in tasks such as presenting 
information at planning inquiries, helping resolve territorial disputes, and 
siting pylons in such a way as to minimize visual intrusion. 
(iii) Visual Analysis: Digital Terrain Modeling (DTM) is an important 
utility of GIS. Using DTM/3D modeling, landscape can be better 
visualized, leading to a better understanding of certain relations in the 
landscape. Many relevant calculations, such as (potential) lakes and 
water volumes, soil erosion volume (Example: landslides), quantities of 
earth to be moved (channels, dams, roads, embankments, land leveling) 
and hydrological modeling becomes easier. Not only in the previously 
mentioned fields but also in the social sciences GIS can prove extremely 
useful. Besides the process of formulating scenarios for an environmental 
impact assessment, GIS can be a valuable tool for sociologists to analyze 
administrative data such as population distribution, market localization 
and other related features. 
(iv) Improving Organizational Integration: Many organizations that 
have implemented a GIS have found that one of its main benefits is 
improved management of their own organization and resources. Because 
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GIS has the ability to link data sets together by geography, it facilitates 
interdepartmental information sharing and communication. By creating a 
shared database one department can benefit from the work of another 
.Data can be collected once and used many times.  
As communication increases among individuals and departments, 
redundancy is reduced, productivity is enhanced, and overall 
organizational efficiency is improved. Thus, in a utility company the 
customer and infrastructure databases can be integrated so that when there 
is planned maintenance, affected people can be informed by computer-
generated letters. 
 
2.5.5 Mapping Concepts, Feature and Properties:                                       
   A map represents geographic features or other spatial phenomena by graphically 
conveying information about locations and attributes. Locational information 
describes the position of particular geographic features on the earth’s surface, as well 
as the spatial relationship between features, such as most suitable route, the 
proximity of competing business and so on. Attribute information describes 
characteristics of the geographic features represented, such as the feature type , it’s 
name or number and quantitative information such as its area or length. Thus the 
basic objective of mapping is to provide: 
(i) Description of geographic phenomenon. 
(ii)  Spatial and non spatial information.   
(iii) Map features like point, line, and polygon. (Bob et al, 2001) 
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2.6 Wireless Wide Area Networks (WWAN):-  
For wireless wide-area networks there are mainly two available technologies: data 
transmission over cellular networks, whether analogue or digital and data 
transmission over mobile data networks. The main difference between these 
technologies is the data transport mode. Cellular networks, being primarily voice 
oriented, generally utilizes circuit switching technology; whereas mobile data 
networks employ packet switching technology. The new cellular network 
technologies support packet switching and many major wireless voice carriers have 
plans to move to this technology over next one to three years. Currently, due to 
physical layer constraints, wide-area networks typically feature low-speed wireless 
data transmission, on the order of 9.6 Kbps. However, with the emerging new 
protocols, much higher data transmission speed is supported (UK Telemetric, 2007).  
 
 
2.7. Global system of Mobile (GSM): 
 
The GSM is a popular Mobile communication system provided by cellular service 
providers or GSM Operators In most countries internationally. It is used for in most 
mobile handsets used by us. The GSM Mobile communication system can be 
intelligently used by electronic devices which can collect some data and send it to the 
central place using SMS or GSM data call's  is required in vehicle tracking systems 
because GPS system can normally only receive location information from satellites 
but cannot communicate back with them. Hence we need some other communication 
system like GSM to send this location information to central control room. Other 
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technologies can also be used but they are more costly (GPS Integrated Technology, 
2008)   
 
2.7.1. GSM Network structure 
Figure (2.5) shows the GSM detail structure: 
The network behind the GSM system seen by the customer is large and complicated 
in order to provide all of the services which are required. It is divided into a number 
of sections and these are each covered in separate articles. 
(i) The Base Station Subsystem (BSS) (the base stations and their 
controllers).  
(ii) The Network and Switching Subsystem (NSS) (the part of the network 
most similar to a fixed network). This is sometimes also just called the core 
network.  
(iii) The GPRS Core Network (the optional part which allows packet based 
Internet connections). 
(iv) All of the elements in the system combine to produce many GSM 
services such as voice calls and SMS (Xiaobo Fan et al., 2006) 
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2.8. General Packet Radio Service (GPRS): 
 
The GPRS is new communication services introduced by GSM operators. These 
services are part of same GSM network. These services allow secure and confirmed 
transfer of content like digital photos or other data to other GPRS capable system. 
Example of services based on GPRS is Multimedia Messaging Service (MMS) 
GPRS is required in case we want to take snaps and transfer them to the central 
control room. They are not required for GPS tracking etc. GPRS does not involve 
additional hardware but we need to use more advanced GSM modules which support 
GPRS. GPRS services are not provided by all GSM operators. (Geoff Sanders et al, 
2003) 
 
                             
  
Figure 2.5: GSM structure 
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2.8.1. The GPRS Infrastructure 
 
 Two new GPRS are illustrated in Figure 2.6. 
Supporting nodes (GSN): 
i. Serving GSN – SGSN 
ii. Gateway GSN –GGSN. (Geoff et al., 2003) 
 
Figure 2.6: GPRS Structure 
 
 
2.8.2. The Features of GPRS: 
According to Usha Communications Technology (2000), the GPRS features as 
follows:  
1. The features are as below: 
2. Quality of Service 
3. Different Service for moving, and stationary users. 
4. For different coding schemes. 
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5. New and  Better Applications 
6. WAP2, MMS, Java games on mobile units 
7. Enables mobile internet functionality, this includes web browsing, Chat, 
email, home automations etc. 
8. Packet Switched 
9. Supplements the circuit switching network of GSM 
10. Service Access 
11. GPRS mobile unit and subscription to the GPRS network.  
 
2.8.3. The advantages of GPRS:  
 
Balasuresh, (2004) summarized the advantages of GPRS as:- 
1. Fast Speed        
(i) 171.2 kbps max. And over 40 kbps avg. transmissions. 
(ii) And up to 120 kbps avg. for EDGE GPRS 
2. Always Connected 
(i) No constant dial-up. 
3. More Robust 
(i) Can cope with loss of radio signals for periods up to 1 hr. 
(ii) No tedious reconnections. 
4. Cost Savings 
(i) Customers are charged based on the volume downloaded, instead of 
duration. 
(ii) Cheaper than other services, e.g. SMS. 
5. Efficiency 
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(i) Higher spectrum efficient than circuit switched networks. 
(ii) Better use of bandwidth, dynamic allocation. 
(iii) Packet/circuit switching used simultaneously. 
 
6. Increase Capacity 
(i) Radio Resources are used only on demand. 
(ii) More users can share the same bandwidth.  
 
2.9. Short Message Service (SMS): 
Short Message Service or (SMS), a text messaging service initially defined in the 
standards for Global System for Mobile Communications (GSM) and now available 
on most digital cellular telephone networks and some is paging systems. SMS was 
originally designed to support one-way information transfer for applications such as 
weather reports, sports scores, traffic reports, and stock quotes, as well as short e-
mail-like messages, which may be entered through the service provider's website. 
Most service providers also allow cellular users to receive and respond to e-mail 
messages, using the cell phone keypad for message input. SMS is a store-and-
forward messaging technology that generally includes a chat option that operates in 
near-real time mode, much like Instant Messaging (IM), and many IM systems 
support mobile communications via interfaces to SMS systems. SMS messages use 
the same Simple Mail Transfer Protocol (SMTP) specified in the TCP/IP protocol 
suite for Internet e-mail. SMS messages between the mobile phone, or other device, 
and the centralized message center, known as a Short Message Service Center 
(SMSC), are in packet format. In packet-based Code Division Multiple Access 
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(CDMA) cellular networks, SMS packet data transport is relatively straight forward. 
In Time Division Multiple Access (TDMA) and GSM networks, SMS packet 
transport is over the signaling channel via Signaling System 7 (SS7). The SS7 
protocol limits the packet size to 140 octets, which translates to 160 ASCII 7-bit 
characters (140) (Hapsari et al., 2005) 
 
2.10. Comparison between the GPRS vs. GSM/SMS 
i. Increase in transmission rates from 9.6 kbps (kb/s) of current GSM networks 
to max. of 171.2kbps 
i. SMS is limited to only 160 characters, and GSM network is limited to circuit 
switching abilities. 
ii. Major reductions in cost, 700 times cheaper per Mb. 
 
2.11. Radio Frequency (RF): 
RF technology is used in many different applications, such as television, radio, 
cellular phones, radar, and automatic identification systems. 
 
2.11.1 Radio frequency identification (RFID): 
The term radio frequency identification (RFID) describes the use of radio frequency 
signals to Provide automatic identification of items. RFID is used in applications 
such as: 
(i) Electronic toll collection (ETC). 
(ii) Railway car identification and tracking. 
(iii) Intermodal container identification. 
(iv) Asset identification and tracking. 
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(v) Item management for retail, health care, and logistics applications. 
(vi) Access control. 
(vii) Animal identification. 
(viii)Fuel dispensing loyalty programs.  
(ix) Automobile immobilizing (security). 
Radio frequency (RF) refers to electromagnetic waves that have a wavelength suited 
for use in radio communication. Radio waves are classified by their frequencies, 
which are expressed in kilohertz, megahertz, or gigahertz. Radio frequencies range 
from very low frequency (VLF), which has a range of 10 to 30 kHz, to extremely 
high frequency (EHF), which has a range of 30 to 300 GHz. 
2.11.1.1. Components of RFID:  
A basic RFID system consists of three components:  
(i) An antenna or coil. 
(ii) A transceiver (with decoder). 
(iii) A transponder (RF tag) electronically programmed with unique back-
end. Information Detailed structure of RFID is illustrated in Figure 2.7.  
 
Figure 2.7: RFID Solution Architecture 
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2.11.2 Radio navigation 
 
Radio navigation is the application of radio frequencies to determining a position on 
the earth like radio location; it is a type of radio determination. Currently there are 
two radio navigation satellites in the world. American (GPS) and Russian (Glonass) 
were designed as military systems, but the GALILEO system appears to offer the 
only real alternative to the American system. 
 
2.11.2.1 Radio direction finding (RDF):  
The first system of radio navigation was the Radio Direction Finding (RDF), the 
science of determining the location of radio transmission sources has a wide range of 
personal, commercial, and governmental applications. Over the past century, the 
methods used in RDF have grown from simply turning an antenna by hand into using 
multiple antenna-arrays and complex computer algorithms to resolve the direction of 
arrival of incoming radio waves.  
 
2.11.2.2 Lorenz 
In the 1930s German radio engineers developed a new system, called the 
"Ultrakurzwellen-Lande funkfeuer" (LFF), or simply "Leitstrahl" (guiding beam) but 
referred to outside Germany as Lorenz, the name of the company manufacturing the 
equipment. In Lorenz two signals were broadcast on the same frequencies from 
highly directional antennas with beams a few degrees wide. One was pointed slightly 
to the left of the other, with a small angle in the middle where they overlapped. The 
signals were chosen as dots and dashes, timed so that when the aircraft was in the 
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small area in the middle the sound was continuous. Planes would fly into the beams 
by listening to the signal to identify which side of middle they were on, and then 
corrected until they were in the center. 
2.11.3 Hyperbolic systems: 
Systems based on the measurement of the difference of signal arrival times from two 
or more locations are called hyperbolic systems due to the shape of the lines of 
position on the chart. These include: 
2.11.3.1 GEE 
The British GEE system was developed during World War II (WWII). The GEE 
used a series of transmitters sending out precisely timed signals, and the aircraft 
using GEE, Royal Air Force( RAF) Bomber Command's heavy bombers, examined 
the time of arrival on an oscilloscope at the navigator's station. If the signal from two 
stations arrived at the same time, the aircraft must be an equal distance from both 
transmitters, allowing the navigator to determine a line of position on his chart of all 
the positions at that distance from both stations. By making similar measurements 
with other stations, additional lines of position can be produced, leading to a fix. 
GEE was accurate to about 165 yards (150 m) at short ranges, and up to a mile 
(1.6km) at longer ranges over Germany. Used after WWII as late as the 1960s in the 
RAF (approx freq was by then 68 MHz). 
2.11.3.2 LORAN 
Other "time based" radio navigation systems were developed from the basic GEE 
principle. Most capable of these was LORAN, for "Long-range Radio Navigation", 
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originally developed for navigation over the Atlantic. In LORAN a single "master" 
station broadcast a series of short pulses, which were picked up and re-broadcast by a 
series of "slave" stations, together making a "chain". Since the time between the 
receptions and re-broadcast of the pulses by the slaves was tightly controlled, the 
time it took for the radio signal to travel from station to station could be measured by 
listening to the signals. Since the time for the re-broadcasts to reach a remote 
receiver varies with its distance from the slaves, the distance to each slave could be 
determined. By plotting the circles representing the ranges on a map, the area where 
they overlapped formed a fix. (Wikipedia, 2008) 
2.12 Comparison between GSM and RF  
 
Is presented in Table (2.1)  
Table 2.1: GSM and RF comparison  
GSM based RF based 
Low initial cost High initial cost. License required to setup radio 
station. 
Medium maintenance cost. 
Cost shall depend on the 
number of SMS sent per 
Month. 
No maintenance cost. 
*** 
 
If the number of vehicles to be tracked is high, one 
needs to have more than one radio station 
Suitable for tracking the 
vehicle anywhere. 
If the area of operation changes or 
increases, existing system shall not cover the 
extended area 
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CHAPTER III 
 
 
MATERIALS AND METHODS 
 
 
3.1 Study Area: 
Kenana Sugar  Company (KSC) is located 300 km south of Khartoum on eastern 
bank of the White Nile River 30 km south east of Rabak city, at the intersection of 
latitude 13  10" North and longitude 32  40" East, at an altitude of 410 m above mean 
sea level. Details of the scheme location are shown in Figure 3.1 
Figure 3.1: Kenana location  
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3.1.1   Kenana Road Network 
                                                                                                          
Kenana road network consist of major roads (20m width) which passed through the 
areas and farms and the minor roads (10m width) passed through the sections. The 
field of KSC has six pumps stations which were connected in series along the  main  
canal to lift irrigation water to 46 m above the White Nile level. The main canal was 
branched into primary canals to divert irrigation water to the field canals via off-take 
pipes. Each field canal was designed to irrigate one field (40-90 ha), which split into 
5-7 sectors and each sector consist of 60 furrows with 1.55 m spacing. Furrows run 
perpendicular to contour lines with lengths ranging from 300 to 2750 m.                        
.                                                                                                                                       
 
3.1.2 Kenana Areas 
The scheme was divided into six areas as shown in Figure 3.2. Each area was divided 
into two farms and each farm is sub divided into two sections each of which 
consisted of several fields. Each field was assigned Arabic numerical e.g. 22109 that 
represented area 2, farm 2, section1, and field number 09. The individual fields 
where categorized into three groups according to their lengths, slope and soil class as 
A, B and C system, which are irrigated every 12,10 and 7 days, respectively.                                     
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Figure 3.2: showing the areas & pumps distribution 
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3.2. Materials:   
Various materials were used in this study that included the following: 
3.2.1 Software:  
i. GIS software (ArcGis 9.2). 
ii. Remote sensing software (ERDAS imagine 9.1). 
iii. Microsoft office (Word and Power Point). 
iv. VTS software (BlueTrax). 
 
3.2.2 The Computer System: 
Microsoft Windows® XP, Professional, Version2002, Service pack 2, Registration 
number, 00045-136-724-167 was used for this study.  
 
3.2.3 Hardware: 
i. Laptop: Dell personal computer, inlet(R) Pentium ®M, CPU,@1.73GHZ, 
604MHZ, 0.99 GB of RAM.  
ii.   FALCOM STEPPIII: this unit used for VTS purpose. Details specifications 
of the system were shown in Table 3.1. 
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Table 3.1: STEPPIII Technical Specifications 
 
Item Description  
GSM/GPRS core TELIT GE864-Quad module 
850/900/1800/1900 MHz 
GPRS class 10, class B 
TCP/IP (accessible via PFAL commands) 
GPS core FALCOM 20 channel GPS receiver 
High sensitivity  SiRFStarIII chipset 
Protocols: NMEA, GGA, GGL, GSA, GSV, RMC, 
WGS-84 
Position accuracy: < 10 m CEP without SA 
TTFF hot start: < 1 s average 
TTFF cold start: < 42 s average 
Tracking sensitivity: -159 dBm (13 dBHz) 
Processor core ARM7/TDMI 
Memory: 2 MB / 512 Kb 
Electrical characteristics Power: +10,8 V to +35 V DC 
Backup battery* 
Physical characteristics Dimensions (L x W x H): 55 x 88 x 22 mm 
Weight: approx. 120 g 
Temperature range** Storage: -40 °C to +90 °C 
Operating: -40 ° to +85 °C 
GSM: -30 °C to +80 °C 
Battery option: -20 °C to +60 °C 
Charging: 0 ° to +45 °C 
Discharging: -20 ° to +60 °C 
Motion sensor 3-axis motion sensor 
Interfaces 16pin MOLEX 43045-1609: 
8 inputs 
- 4 configurable inputs (digital or analogue) 
- 2 digital inputs (used for CAN feature) 
- IGN 
- DiWu 
- Power in/out 
4 digital outputs 
15pin AMP 5-558556-1 
- RS232 (RX, TX V24 level) 
- RS232 (RX, TX TTL level) 
- Speaker, microphone 
SIM card reader for 1,8/3 V SIM cards 
GPS RF connector 50 Ohm FAKRA/Radial 
GSM RF connector 50 Ohm FAKRA/Radial 
3 programmable LEDs 
CAN interface* 
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3.3 Raw Data:  
To create the features data for the study area, high resolution satellite image 
IKONOS satellite with 1m spatial resolution (3band) and Projection of 
WGS_1984_UTM_zone_36 was used. Details specifications of the image were 
shown in Table 3.2. 
 
 
Table 3.2: IKONOS satellite specifications 
Name IKONOS 
Date of launch Sept. 24, 1999 
Altitude 681 
Revisit Time 14.7,every 24 hours 
Orbit 98.1 degree, sun synchronous        
Swath Width (km) 11 
Dynamic Range 11-bits Per Pixel 
Image Bands Panchromatic, Green, Blue, Red, and near 
infrared. 
  
 
3.3.1. Raw Data Processing:  
The IKONOS image with the size of 4 GB and (image) format were exported to 
(MSRI) format which was minimized the size of the image to 2 GB using ERDAS 
Imagine 9.1. 
3.4. Road Layer Preparation:  
The personal geo-database was built using Arc Cataloge; within it the feature  
dataset was created; within it the feature class and topology layer were built in Line, 
spatial referencing of the image (see Figure 3.3). Using Arc GIS 9.2 the road layer 
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was drawn and the topological error was edited during the drawing at the scale of 
1:1500.                                                                                                                              
 
 
 
   
  
 
Figure 3.3: Road Layer Creation 
  
The Shape file is a vector data storage format for storing the location, shape, and 
attributes of geographic features. A Shape file is stored in a set of related files and 
contains one feature class. A Shape file is composed of three main files that contain 
spatial and attribute data. A Shape file can optionally have other files with index 
information. In the cataloge, all these files that comprise a Shape file appear as one 
feature class. (Michael Zeiler -1999).                                                                                              
 
3.4.1. Attribute Table Editing 
 
The final product was a Shapefile. This was obtained from personal geodatabase with 
attribute table which contain these fields as shown is Figure 3.4. The table in put 
included FID, SHAPE, OBJECT ID, LENGTH, and ID. 
 
 
1 
Feature Class 
Feature Dataset 
Personal Geodatabase 
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The VTS requires standard attribute table which have these descriptive fields for the 
Roads as  (Area Name, Road class, Comm Number, Road Direction, Display, Road 
Number, Inter Chan, Road Width, Land Mark, Road Type, Number Land, Resource, 
Road Name and Speed, shown in Figure 3.5. 
 
Figure 3.5: Ideal Table Required By the VTS System 
 
After reprojecting of the shape file using Arc Tool Box (converted the projection to 
geographic) the attribute table was edited (adding fields) and the administrative 
boundary was established as required by the system as shown in Figure 3.6. 
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3.4.2. Road Network Layer: 
After attributes editing, the final layer which is required by the system is Kenana 
roads network Major and Minor roads. Major road specifications are 20 m in width, 
both directions opened, lane number is 2, road type is harvesting, and speed limit is 
60 km\hr. minor road specifications are 10 m  
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 Width, one direction opened, lane number is 1, road type is harvesting, and speed 
limit is 40 km/hr (see Figure 3.7). 
 
3.5. Vehicle Tracking System Unit:  
3.5.1. FALCOM STEPPIII: 
The FALCOM STEPPIII is an element attached to the vehicle, this device contain 
850/900/1800/1900 MHz GSM/GPRS function that is operational in these 
frequencies respectively (see Figure 3.8). The system concept is targeting for direct 
implementation as a mobile client in a wide range of high volume, low-cost, flexible 
system solution like AVL, fleet management, vehicle security and recovery and other 
related area. The STEPPIII device utilizes the GSM/GPRS/GPS standard for cellular 
technology. The GSM/GPRS is a newer radio frequency (RF) technology than the 
current FM technology that has been used for radio communications for decades. 
Detail technical specification is presented in Table 3.2.    
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15-pin AMP5 connector pin assignment SIM card interface 
 
GSM/GPS antenna cable 558556-1 16-pin Molex Connector pin assignment 
 
Red, Green, and Blue LED indicators Vehicle terminal 
  
Figure 3.8: Install FALCOM STEPPIII unit in the truck 
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The GSM standard has been established for use in the European community and 
elsewhere. The modem utilized a low power radio transmitter and receiver. It sends 
out and receives radio frequency energy. When the modem is used, the cellular 
system handling called controls, both the radio frequency and the power level of your 
cellular modem. For the use of the acquired devices, SIM cards are needed, which 
are not included in the scope of delivery of the device. The SIM cards can be 
acquired e.g. by specific providers. Using SIM cards can result additional costs, 
which are to be borne by the purchaser (client) of the devices. The seller does not 
cover the extra costs for the use of the devices.                                                                                 
                                                                                 
The data from STEPPIII such as location and time of location can be obtained by one 
of the following methods: 
i. Automatically by sending messages using GPRS at a pre-determined time 
intervals.  
ii. Data-logger that enables it to archive unique locations in sequence for up to 
45 days for later analysis and evaluation (for example, archive interval up to 
20 sec.). 
 
3.5.2. The FALCOM STEPPIII Evalkit: 
It provides all of the necessary hardware, software and documentation to effectively 
operate and evaluate the performance and suitability of STEPPIII unit. With 
EVALKIT system integrators and developers can develop their own customized 
embedded application. EVALKIT is shipped pre-configured. The included EavlBord 
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offers series of switches, LEDs and interfaces used to test the factory preloaded and 
your own configuration.  
 
3.5.2.1 The content of Box1  
The components of antenna parts is depicted in Figure 3.9 and listed as follows: 
1. STEPPIII device. 
2. FAL-ANT five combined GSM/GPS antenna. 
3.  Mounting cradle. 
4. Cable for automotive installation. 
5. Prepaid SIM card.  Six month access to the trace of the server.            
 
 
 
    
 
 
 
 Figure 3.9: Antenna parts  
3.5.2.2 The content of Box2  
The contents of the VTS accessories is depicted as in Figure 3.10 and listed 
as follows:  
1. Evalboard. 
2. Connection cables. 
3. Serial 9pin cable. 
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3.5.3. The hardware interface port it depicted in Figure 3.12 and listed as 
follows: 
i. Molex 16-pin connector pinout. 
ii. AMP 15-pin connector pinout. 
iii. RF interfaces. 
iv. SIM interface. 
v. LED’s indicator. 
 
 
 
 
 
 
 
 
 
 
Figure 3.12: VTS Interface ports 
 
Table 3.3: VTS Interface ports specifications 
Interface A Molex 16-pin connector (43045-1609)
 
Interface B SIM card reader for small SIM cards (3V)
 
Interface C GPS RF Connector 50 W Fakra/Radiall (SMB-Male 
 
Interface D GSM RF Connector 50 W Fakra/Radiall (SMB-Male 
Interface E AMP 15-pin connector (5-558556-1)
 
Interface F Optical LED indicators. Free programmable.
                     
72 
 
16-pin Molex Connector pin assignment SIM card interface 
GSM/GPS antenna cable 558556-1 15-pin AMP5 connector pin assignmen
Red, Green, and Blue LED indicators 
 
Figure 3.13: key interface specifications 
 
 
3.5.4 Installation guidance for 15-pin AMP connector: 
Figure (3.14) below shows an example of an installation that enables voice 
communication. STEPPIII supported two differential microphone inputs and two 
differential speaker outputs. The integrated amplifier allowed direct connection of a 
hands-free-set to pine 9 and 10. The integrated audio interfaces are predefined on the 
embedded internal firmware as voice and alarm channels, where by pins (7, 8, 9 and 
10) provided on the AMP connector support voice channel.  
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Figure 3.14: Possible installation for enabling voice connection 
 
 
3.5.5. The System Components: 
The components of the system depicted in Figure 3.15 and listed as follows: 
(i) Analogue sensors.  
(ii) GSM/GPRS network. 
(iii) GPS Module. 
(iv) GSM / GPRS / CDMA Module. 
(v) Memory Module (Data Logger). 
(vi) Micro controller / CPU. 
(vii) GPS and GSM Antenna. 
(viii) Optional CAN Bus. 
(ix) Digital sensors. 
(x) Motion sensor. 
(xi) Cell phone SMS, MMS and Voice. 
(xii) Actuators. 
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(xiii) Server (TCP/IP, GPRS, Email). 
(xiv) Audio hand free. 
 
 
 
 
 
 
 
Figure 3.15: The VTS system various components 
 
3.5.6 The System Operations: 
The factory preloaded configuration enables you to test the system and see how the 
STEPPIII works when using web-based applications. Only a computer (PC client) 
connected to the internet with a pre-installed standard web browser is necessary from 
the user side.  After completing the installation of the EVALKIT with the preloaded 
configuration (without any users' changes) the STEPPIII will connect automatically 
to the FALCOM application server that provides two-way communication in real 
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time. User configuration can be accomplished both locally via serial interface and 
remotely via SMS, CSD or GPRS/internet. 
 
 
3.6. Monitoring Center Structure  
The monitoring center includes, database and communication servers. In the database 
server we store the vehicles history running information’s, the dynamic data of the 
digital map. In the communication server we execute the communication protocol, 
that interprets the data come through the GSM network.  
 
3.7 GSM Communication 
The TANGO55/56 is a mobile station for transmission of voice, data calls and FAX 
as well as short messages. Short Message Service (SMS) in GSM network to control 
the GSM module there is an advanced set of AT commands according to GSM 
European Telecommunications Standards Institute (ETSI) 07.07 and 07.05 
implemented. The TANGO55i/56i modems provide a specific software and hardware 
(internal TCP/IP stack software with hardware extension) which has been internally 
implemented for using the embedded TCP/IP stack software. The integration of 
TCP/IP stack with hardware extension (a TCP/IP module added) into the equipment 
converts it to a stand-alone client that can be connected to the internet via GPRS 
network. The modems can also send and receive data by GSM (set into Command-
Mode) and GPRS network using TCP/IP stack. They support SMS, DATA and FAX 
calls. 
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Figure 3.16: GSM modem 
 
The FALCOM TANGO55/56 is designed for use on any GSM network in the world. 
TANGO55/i and TANGO56/i are Tri Band GSM/GPRS engines that work on three 
frequencies GSM 900 MHz, DCS 1800 MHz and PCS 1900 MHz or 850 MHz, DCS 
1800 MHz, PCS 1900 MHz, respectively.  
These full type approved integrated modems constitute a self contained, fully 
integrated implementation of the GSM/GPRS.  
 
3.8 Vehicle Terminal 
 
In the vehicle side a timely data will be transferred through GSM network operator to 
the monitoring center, if there is a GPRS network it will be used to send the data, in 
the blind GPRS areas GSM method can be used, i.e. it can be pre-configured to use 
the GPRS or GSM or both of them in different times. 
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3.9. Main Features Solution: 
 
This system can help in many ways such as: 
i. Anti Tampering: detect any unauthorized removal of the Tracer from its 
position. 
ii. Emergency Button: in case of a hijack, accident or pane the driver can use a 
hidden switch to send message to the Center. 
iii. Geo-Fencing: STEPPIII can perform a simple Geo-fencing and manage and 
control the restricted areas where these vehicles are not supposed to travel 
into or out of these areas.  
iv. Lock/Unlock Application: in case the vehicle is abnormal, remotely we can 
cut off the oil, etc. 
v. Data Log Replay functions: Some managers may want to capture the data for 
that particular vehicle for that day and then play back to view its history log.  
vi. Alarms management modules: (over speed, exit/enter geo-fenced zones, 
emergency etc...) by GPRS sent to the control room. 
  
3.10. The Software Description: 
BlueTrax client operation system is the client part of the BlueTrax vehicle monitor 
system. It works with back end communication server to provide the following 
functions.  Understanding the user interface below is an illustration of the BlueTrax 
window upon loading on screen (see Figure 3.17).                                            
 
 
  
Figure 3
78
.17: BlueTrax window 
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3.10.1 Using the Map: 
BlueTrax has a detailed digital map (Kenana base map) that provides the user with 
the opportunity to view the current locations of their units/ vehicles as well as 
historical positions. Below are various techniques used while  working with the Map: 
(i) Display Map:  
Map can be zoomed in or out according to different map scales. 
(ii) Zoom In: 
Zoom in to double size by one clicking or zoom in according to the selected 
rectangle. 
(iii) Zoom Out: 
Zoom out to half size zone by one clicking or zoom out according to the selected 
rectangle. 
(iv) Zooming to full extents: 
This refers to an entire view of the map at a glance. 
(v) Measuring Distance: 
This enables one to measure the actual distance from one point to another on the 
map.  
(vi) Navigating the map: 
To navigate to different areas within the map, click at the pan tool located at the 
top of the map area (see Figure 3.18). 
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Figure 3.18: software tools 
3.10.2 Main features of software 
The main features of the software a listed as follows:  
(i)   PFAL commands for full control. 
(ii)  Intelligent and flexible alarm system, suitable for most applications. 
(iii) Customizable device messages. 
(iv) Easy to combine with most digital and analogue sensors. 
(v)  Drivers Logbook / History. 
(vi) Geo-Fencing, distance calculation. 
(vii) Trip management. 
(viii) Local and remote communication. 
 (ix)  Optional: 
1. Encrypted communication. and  
2. Security authentification. 
(x) Remote access: Can be listed as below 
1. Status reports / tracking. 
2. Commands. 
3. Configuration. 
4. Firmware update.  
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 3.10.3. Application of the software 
The possible applications of the software a listed as follows: 
       (i)  Real time online tracking 
(ii) Fleet management / monitoring 
(iii) Security / emergency services 
(iv) Real time satellite navigation 
(v) Territory management 
(vi) Personalized drivers logbook 
(vii)  Route verification 
(viii) Trip management / distance calculations 
 (ix)  Theft protection 
 (x)   Toll collection / pay as you drive 
 (xi)  Compatible with FALCOM Trace for you Server solution  
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CHAPTER IV 
 
 
 RESULTS AND DISCUSSION  
 
 
4.1. Kenana Scheme: 
 
Figure 4.1 presents the digitized Kenana Scheme map. The map layer was digitized 
from high resolution satellite image (Ikonos), 2m spatial resolution, acquired in 2007. 
From the map layer, the scheme was divided into six areas, each area was divided into 
two farms and each farm is sub divided into two sections each of which consisted of 
several fields. The total cane growing area was about 67000 hectares. There were 
ninety four trucks moving in the fields, transporting the sugar cane to the plant and 
about seven trucks for supplying the others with fuel. The management of these trucks 
over this large area was very difficult, because they faced many managerial problems 
like the irregularities in cane delivery to the plant caused by old style of 
communication, traffic jams, misconduct of the personnel, and poor supervision of the 
fleet logistics. 
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4.3. Kenana Road Network: 
 
Figure 4.2 presents the digitized Kenana road network map layer.  From road network 
layer, the scheme contained two types of roads (major and minor roads) each of which 
has its own specification. The major roads were 20 m in width, open in both 
directions having lane number of 2, and its speed was limited to 60 km/hr. The minor 
roads were 10 m in width, one direction is opened having lane number of 1 and its 
speed was limited to 40 km/hr. Furthermore, there were some specifications found in 
the attribute field of the road network layer, such as area name, road number and land 
marks which represented the familiar places that found in the area. All these 
descriptions are very important for the analysis which can be performed by the 
tracking system. 
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4.4. STEPPIII Tracking System: 
There are two types of trucks, Mercedes brand in which we need to connect adapter to 
reduce voltage to 12 volts and Volvo brand to which we connects the hardware 
directly. The STEPPIII is attached with the truck and gets the position from GPS 
satellite in real-time. It then sends the position information with the GPRS unit 
number as its own identity to the server. The data is checked for validity and the valid 
data is saved into the Database, and send the information into the service provider’s 
website to track the truck, and gets the current position of the device on GIS Map. A 
custom report is also generated which includes a detailed description of the Vehicles 
status. Users can also see the previous positions of the truck. Figure 4.3 illustrates the 
details operation of the system in Kenana scheme. 
 
.  
Figure 4.3: STEPPIII Tracking System Operation Illustration 
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4.5. Tracking reports: 
Many reports can be obtained from the system 
4.5.1. Latest fleet location summary report 
This report displays the current positions of vehicles based on the last poll sent. It 
gives the registration number, the driver (if you had assigned), the last update in form 
of date and time, the location, the status and the speed at which it was moving. Details 
summary of latest fleet location report is shown in Figure 4.4. The main features of 
this report are the registration number, Driver description, Last update, the location, 
Status and Speed. From data obtained from the report it showed the situation for each 
trucks, which showed different location for each, e.g. the location for truck No. 
0201/2 at 1km south west of the central workshop, speed 8 km/h. 
 
  
4.5.2 The Standard/ Historical Report 
 
This report displays historical information on where a vehicle runs through in a given 
period of time. It displayed the time, location, status, speed and the coordinates of 
each point. Figure 4.5 shows the details of time, which described the current time for 
each truck at the specific location, this helps in management of trucks movement from 
the field to the plant.  
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4.5.3. Speed Report 
This report gives information related to the speeds at which a vehicle was traveling 
amongst other information like time, coordinates and the location. This report can 
come in handy to study the driving behavior of drivers who persistently over speed. 
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This report documented the time, speed, co-ordinates and location in details. e.g. at 
12:02 am the speed was 13 km/h, with co-ordinates (3293, 130721) and location in 
0km east of off-loading south.  Then after one minute it becomes 17 km/h, with co-
ordinate (329285, 130712) in 0km south west of offloading south and so on.   
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 this figure is  represent  the speed report in  chart manner, as it show in the beginning 
of the vehicle movement speed was 0km/h at  12:1AM, and then it seemed to rise 
from 13km/h speed to 17km/h speed and dropped directly to speed 4km/h and 
continued on dropping reaching  the speed 0km/h, and continued a steady level so 
fast, even at 12:25AM and then rose once more line speed directly to the speed 
24km/h and so on. 
Fi
gu
re
 4
.7
: C
ha
rt 
sp
ee
d 
 
93 
 
 
4.5.4.  Alarm Summary Report 
 
This report gives alarm information for all vehicles (hence the name summary). It 
categorized the alarms in a tabular form and gives the totals for individual vehicles as 
well as a total for all vehicles. It had a key for the alarm types at the end of the report 
as presented in Table 4.1. 
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Figure (4.8) shows the registration number, type of the alarm and the number of 
occurrences of the alarm and alerts the overall total. For Example, truck number 1412 
recorded warning No. 2 repeated 148 times and repeating the warning No. 4 (1744) 
times so the total was 1926 Alarms. 
Table 4.1: Alarm Keys   
Alarm 1: Panic button was pressed. 
Alarm 2: Vehicle was speeding. 
Alarm 3: Vehicle stopped. 
Alarm 4: Tracking Unit was powered up. 
Alarm 5: Vehicle exceeded the max defined continues drive time. 
Alarm 6: Vehicle exceeded the max defined continues stop time. 
Alarm 7: Vehicle was night driving or did not start moving at the defined time. 
Alarm 8: External power sensor alarm. 
Alarm 9: Geo-fence alarm. 
Alarm 10: Vehicle ignition sensor 
 
   
 
4.5.5. Trip Report: 
 
This report details information for a vehicle right from its starting point to its 
destination (see Figure 4.9). At times it may include the journey back to its starting 
point. It displayed the start time, location, total trip time, total mileage, average speed 
and maximum speed as a summary for that trip. It listed all stoppage points detailing 
their stop times, the duration of their stops and the locations for those stops.  
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The main features of this report are the total mileage, Driving time, trip time, start 
location, start time, end time, end location, max Speed, average speed, and total stops, 
For e.g. the started location for truck No. 1472 at 0km East of offloading south, the 
end location 7km south of 5A village, max speed was 85km/h, average speed was 
25.17km/h, trip time at 21.10:58:32, driving time at 13.03:18:21, the total mileage 
was 5748.93kms and total stops was 1140,etc.  
 
4.5.6. Report for all trucks performance 
This report displayed performance information for all vehicles (see Figure 4.11). This 
report shows the information for the Fleet number, Driver, start time, end time and 
Weight of cargo and it shows the totals for the trips and weights for all fleet at the end 
of the report.  
 
4.6. Fleet management Reports:- 
Form demonstration test at monitoring center vehicle information such as start time, 
location, end time and location, the total trip time, total mileage, total driving time, 
average speed and maximum speed. This is displayed on the lower right side of the 
window. It also has a map displaying the various stoppage points on it. This map can 
later be printed on its own (enlarged) or together with the form. The report also had a 
stoppage summary list of various locations that the vehicle made the stoppages. These 
stoppages had time and the duration that they lasted. At the bottom of the page there 
was a violation/ alarm summary, listing the total no of each type that the vehicle 
raised. It finally sums up the total no of stops made and the total stoppped duration. 
For example, Truck No. 1470’s displayed demonstration test for the previous period 
(From22-Feb (12:01 am) to 22 Feb (23:59 pm))  
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4.7. Evaluations of the Existing System:  
 
Finally, Kenana Sugar Company purchased the VTS, STPPIII from Rivercross, 
Kenya. There were 150 devices that had been installed in on 103 trucks while the rest 
devices installed on cane harvesters. To facilitate and ease of system operating, all 
roads were maintained.  The system is currently functioning well with minor 
problems in transmitting data. The company had also contracted with Zain Telecom to 
build three towers to strengthen the network and distribute to the central workshop, 
village 5 and village 3, in addition to install especial server belonged to Kenana Sugar 
Company so as to reduce the time delay in data transfer. 
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CHAPTER V 
  
 
CONCLUSIONS AND RECOMMENDATIONS  
 
 
5.1. The following conclusions could be drawn from the obtained results: 
 
1. Vast area of Kenana Sugar Company and the traditional fashion 
management of the enormous truck fleet resulted in managers experiencing 
problems applying methods fairly not up-to-date.  
 
2. A comprehensive roads network and areas database for Kenana scheme had 
been successfully digitized and developed to be linked with Kennan’s 
Vehicle Tracking System. 
 
3. The vehicle tracking system had been successfully developed in Kenana 
Sugar Company for hauling sugar cane. 
 
4. The developed system had facility to monitor, record, and display vehicle 
information such as vehicle's number, vehicle's plate number, driver's name, 
driver's cell phone number, alarm, GPS location and date, SIM number of 
device and descriptions of vehicle status (description, stop/move, and 
speed).  
 
5. Hopefully with the existing VTS, the company can manage the fleet of 
trucks resources and consequently will benefit itself in many aspects such as 
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reliable data flow, enhanced fleet control, better decision making, increase 
productivity and lesser complaints. 
 
 
5.2. Recommendations: 
Based on the result obtained during this study, the following recommendations can be 
suggested: 
1- The complete Kennan’s road network and areas database should be linked 
with existing VTS.   
2- Communication towers should be established to strengthen the existent 
network coverage and to replace the radio waves by GSM/GPRS.   
3- A server should be established in the region to reduce the time delay in the 
process of sending data. 
4- A closed system (Radio system) should be used rather than web-based system 
to reduce the expenses on the internet and to avoid the internet disadvantages.  
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